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HYDROGEOLOGY OF THE PRINGIPAI, AQUIFERS
TN VIGO AND CLAY COUNTIES, INDIANA
BY
L. W. Cable, F. A. Watkins, Jr., and

T. M. Robison

ABSTRACT

The rocks which immediately underlie Vigo and Clay Counties may be
placed in two general categories--consolidated and unconsolidated. The
consolidated rocks contain six sandstone bodies that are extensive enough
to be considered important aquifers. Yields from wells tapping these aqui-
fers average 6.6 gpm. The total amount of water in storage in the mapped
areas of these aquifers is estimated to be 523 million gallons, The esti-
mated current withdrawal is 1.8 mgd.

Aquifers in the uncomsolidated deposits of the two-county area con-
sist of relatively clean, coarge-textured sand and gravel deposited as
glacial outwash, The sand and gravel deposits of the Wabash River valley
form the most productive aquifer of the entire area with yields of as much
as 2,700 gpm reported, Both confined and unconfined areas are present in
this aquifer. The estimated regional value of transmissibility for the
confined area of this aquifer is 5,100 gpd per foot and in the unconfined
area 72,000 gpd per foot. There is estimated to be 367,800 million gal-
lons of water in storage in the Wabash River valley aquifer. The estimat-

ed current daily withdrawals by wells tapping this aquifer is 22.2 million
gallons.

On the basis of the partial analysis of more than 750 water samples
and the complete analysis of 35 samples in the consolidated rocks of the
Vigo-Clay County area yield calcium Bicarbonate, sodium bicarbomnate, and
sodium chloride water, while the unconsolidated rocks of the area yield
caleium bicarbonate water,

INTRODUCT ION
Purpose and Scope

This investigation, part of the state-wide investigation of the
ground-water resources of Indiana, was planned to identify and map the
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principal aquifers in Vigo and Clay Counties; to determine their hydro-
logic characteristics and to ascertain and interpret the chemical quality
of the water. This report presents an evaluation of the ground-water re-
sources of the Vigo-Clay County area and provides information teo aid in

their location and development. Standard methods of investigation were
used,

Previous Investigations

Detailed studies of the ground-water resources of the Vigo-Clay area
have not been made previously. However, a reconnaissance of these resour-
ces was published in reports by Leverett (1897 and 1905) and Harrell (1935).
Preliminary data and evaluations of the ground-water resources of beth

Clay and Vigo Counties were published separately (Watkins and Jordan, 1962,
1963).

Cooperation and Acknowledgments

The investigation of the ground-water resources of these counties
has been conducted by the U. 5. Department of the Interior, Geological
Survey, in cooperation with the Department of Natural Resources, Division
of Water. The authors express sincere thanks to all persons who contri-
buted time, information, and assistance during the collection, tabulation
and processing of data for this report. Among these are the following
agencies of the Indiana Department of Natural Resources: the Geological
Survey, the Division of 0il and Gas, and the Division of Water.

GEQGRAPHY
Physiography and Climate

The Vigo-Clay County area in west-central Indiana (fig. 1), is gen-
erally characterized by wide alluvial plains and aggraded wvalleys. This
area is of low relief in comparison with surrounding areas. The most pro-
minent physiographic feature of the two-county area is the Wabash River
valley, which ranges from five to six miles in width and extends the entire
length of western Vigo County. The area is drained by the Wabash and Eel
Rivers and theilr tributaries.

Vigo and Clay Counties lie mostly within the Wabash Lowland physio-
graphic province. However, the Tipton Till Plain extends into the north-
west corner of Vigo Couniy, and a small area on the eastern edge of Clay
Gounty is in the Crawford Upland. These physiographic units are those
described by Malott (1922, p. 56-256).

Continous records of the air temperature and precipitation at Terre
Haute, Indiana have been kept since 1894 by the U. S. Weather Bureau.
Bagsed on normals for the period 1931-1960 the average annual precipitation
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is 39.41 inches and the average annual air temperature is 54.4°. Table 1
shows the average monthly precipitation,

Table 1.--Average monthly precipitation at

Terre Haute, Indiana, (1931-1960)

Frectpiacion
January-----=-- ' 2.34
February-=~=== 2.32
March-~-rre=nr= 3.80
April---emema- 3.40
May---—se=—m—- 5.08
Jung-==ene-m=a 3.73
Julyr=em—m———— 3.96
August--=====- 3.56
September-~-=- 3.45
October-~=vr=-- 2.45
November -==--- 3.47
December -===== 2.58

HYDROGEOLOGY

The rocks which Immediately underlie Vigo and Clay Counties belong
in two general categories: consolidated and unconsolidated, Rocks of
both types contain significant water-bearing zones which occur as separate
units within the hydrologic system., The stratigraphy of these rocks and
the hydrologic properties of their prineipal aquifers are shown on table
2, The geolopic names used in this report are those used by the Indiana
Geological Survey and are not necessarily recognized by the U, 5. Geologi-
cal Survey.



Consolidated Rocks ag Sources of Water

The consolidated rocks of the Vigo-Clay County area are predominante-
1y Pennsylvanian in age and are a part of the eastern shelf of the Eastern
Interior structural basin, The rocks of the basin are mostly of shale,
sandy shale, and fine- to medium-grained sandstone, and their most charac-
teristic feature is the great areal persistence of many thin, readily dis-
tinguishable beds of limestone, black shale, ceal, and underclay {(Wanless,
1955). These strata dip to the west or southwest at an average rate of
25 to 30 feet per mile and crop out in wide belts across the bedrock sur-
face (pl. 1).

In the eastern shelf area, as in most of the basin, the strata of
Pennsylvanian age are in repetitive sequence or cyc¢les kmown as eyclo-
thems (Weller, 1930, Wanless and Weller, 1932)., Each cyclothem ideally
conslsts of ten distinet lithologic members extending from the base of a
sandstone to the base of the next higher sandstone. The basal sandstone
member 13 the prinecipal water-bearing zone of the sequence. In the Vigo-
Clay County area there are six such zones which are extensive enough to
be considered important aquifers. These aquifers show significant similar-
ity in the geologic, hydrologic, and quality-of-water characteristics.

The sandstone bodies of the area commonly contain two phases--a sheet
phase and a channel phase. The sheet phase is widespread, thin and discon-
tinuous, while the channel phase is laterally restricted but relatively
thick. Because of its greater thickness, the channel phase offers the
best potential within the aquifer for an adequate water supply. For a
more detailed study of Middle Pemnsylvanian channel-fill sandstones in
this area, see Friedman, 1960.

The approximate depth to any bedrock aquifer can be estimated by
comparing the topegraphic map of Vigo and Clay Counties (pl. 2) with the
structure contour map of the aquifer (figs. 4-9) and subtracting the eleva-

tion of the aquifer surface from that of land surface at the desired loca-
tion.

Recharge to the bedrock aquifers cccurs principally at the bedrock
surface where the aquifers crop out or are in direct comntact with the
overlying unconsclidated Quaternary deposits. Precipitation enters the
aquifers directly through their outcrops at land surface or indirectly
by downward percolation through the unconsolidated deposits.

Water is discharged inteo streams by effluent seepage through the rela-
tively thin overburden where the aquifers are shallow. As the depth of
the aquifer increases, however, the opportunity for the water to circulate
decreases. The gray shale members cof the e¢yclothems which enclose the
basal sandatone body form effective confining layers with depth. Although
a small amount of water may leak into the enclosing shale, the opportunity
for natural discharge in the deeper areas of the aquifers is slight.

Figure 2 shows the hydrograph of observation well Vigo 5 and the
monthly precipitation at Terre Haute, Indiana over an 8% year period.
This well, located in the SE}ZSW% sec. 34, T, 11 N., R. 9 W., is open to
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two bedrock aquifers, units 5 and 6 (table 2), Although the amount of
fluectuation varies from year to year, the general configuration of the
hydrograph is considered to be typical for unpumped wells in the con-
solidated rock aquifers,

Figure 3 shows the number of wells and yields in gallons per minute
from wells in these aquifers, This illustration i{s based on those water-
well records in which the casing depth indicated that the source of water
wag restricted to a single bedrock aquifer, The average yield of each of
the bedrock aquifers is shown in table 2, However, because of variations
in thickness and permeability within any one aquifer, it is not possible

to predict with any great degree of accuracy the yield of a well before
drilling,

The field coefficients of permeability (definition, p. 53) of these
aquifers ranges from 4 to 23 (table 2), No values are given for the coef-
ficients of transmissibility (definition, p. 53) because of the wide local
variation of thickness of the aquifers, However, the coefficient of trans-

missibility of an aquifer may be estimated at any point by use of the
following formula:

T =P (m)

where P is the field coefficient of permeability and m is the aquifer
thickness at the location deeired.

The total amount of water estimated to be in storage in the bedrock
aquifers of the Vige-Clay County area, along with potential recharge,
greatly exceeds the present daily withdrawals, The total amount of water
in storage in the mapped areas of all bedrock aquifers is estimated to be
523 million gallons, the estimated potential recharge is 7 million gallons
per day, and the estimated current withdrawal is 1.8 mgd. The total
amount of water in storage in the mapped area of each individual bedrock
aquifer is listed in table 2, These figures are based on an estimated
coefficient of storage of ,0001 (definition, p. 53).

Mississipplan System

Rocks of Mississippian age crop out at the bedrock surface in a
small area in east-central Clay County (pl, 1), These rocks are the old-
est bedrock present in the report area (table 2), Alchough some wells in
the extreme eastern part of Clay County reach the Mississippian rocks, these
wells produce very little water and no lmportant aquifers were noted,

Pennsylvanian System

Mansfield Formation

The Mansfield Formation, the base of the Pennsylvanian System, Lower
and Middle Pennaylvanian series in Indiana, rests unconformably upon rocks
of Mississippian age (table 2) and crops out over extensive areas of the
bedrock aurface throughout central and eastern Clay County (pl, 1).
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This formation yields water from two principal zones, herein desig-
nated unit 1 and unit 2. Unit 1 is located at or near the base of the
formation (table 2). Figure & shows the surface configuration, altitude,
and range in thickness of this aquifer.

Unit 2 is at or near the top of the formation (table 2), and in
places forms a split aquifer in which the upper and lower parts may be
separated locally by as much as 50 feet of dense shale and sandy shale.
Unit 2 is the most extensive bedrock aquifer of the area. Figure 5 shows
the configuration and altitude of the aquifer surface and also the range
in thickness. Together units 1 and 2 constitute the principal source of
ground water in Clay County. These aquifers supply water for domestic,
farm, small industrial, and small munic¢ipal systems.

Brazil and Staunton Formations

The Brazil and Stauton Formations constitute the lowest and next to
lowest formations in the Middle Pennsylvanian Series in Indiana respec-
tively (table 2)., These formations crop out over a wide area of the bed-
rock surface in weatern Glay County and eastern Vigo County (pl. 1).

There are no extensive water-bearing zones present in either of these two
formations; however, water of sufficient quantity and quality for domestic
supplies is produced locally from small sandstone lenses and coalbeds.

Linton Formation

The Linton Formation overlies the Stauton Formation and is a part of
the Middle Pennsylvanian Series of Indiana, This formation crops out at
the bedrock surface In eastern Vigo County and westerm Clay County (pl. 1).
At the base of this formation is a fime- to medium-grained massive sand~ - -

stone, This sandstone is an aquifer and is herein designated unit 3
(table 2). :

Unit 3 supplies water for farm, domestic, small industrial, and
small mmicipal systems in east-central and southeastern Vigo County.
Figure 6 shows the configuration and altitude of the aquifer surface plus
the range in thickmness., That part of unit 3 which is in northwestern
Vigo County was mapped almost exclusively on the basis of information f£rom
coal tests and oil well logs; therefore, no hydrologic data were available.

Petersburg Formation

The Petersburg Formation overlies the Linton Formation and is also a
part of the Middle Pennsylvanian Series of Indiana, This formation crops
out at the bedrock surface in central and southeastern Vigo County (pl. 1).
Just as in the underlying Linton Formaticn, the base of the Petersburg
Formation ies formed by a fine- to medium-grained massive sandstone which is
an aquifer. This aquifer is herein designated unit 4 (table 2),

- 11 -
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Unit 4 supplies water for farm, domestic, and small industrial and
municipal systems. TFigure 7 shows the surface configuration, altitude,
and the range in thickness of this aquifer. That part of unit 4 which
is in the northern and central portion of western Vigo County was mapped
almost exclusively on the basis of information from coal tests and oil
well logs, therefore, no hydrologic data were available. Together with
unit 3 this aquifer constitutes the principal source of ground water in
east-central and southeastern Vigo County.

Dugger Formation

The Dugger Formation is the youngest formation in the Middle
Pennsylvanian Series of Indiana, This formation erops out at the bedrock
surface throughout central Vigo County {pl. 1). Located in the upper=-
middle part of this formation and directly below the Universal Limestone
Member is a water-bearing body of sandstone. This sandstone serves as an
aquifer in western Vigo County and is herein designated unit 5 (table 2).
In Vigo County wells in unit 5 yield water mostly for domestic use.

Figure 8 shows the configuration and altitude of the aquifer surface as
well as the range in thickness.

Shelburn Formation

The Shelburm Formation is the base of the Upper Pennsylvanian Series
in Indiana. This formation crops out at the bedrock surface throughout
central and western Vigo County (pl. 1). At the base of this formation is
the Busseron Sandstone Member, which is a fine- to medium-grained massive

sandstone, This gandstone is an aquifer and is herein designated unit 6
{(table 2).

Although this aquifer is somewhat restricted in the report area, some
domestic wells are made in it in the scuthwestern part of Vigo County,
Figure 9 shows the configuration and altitude of the aquifer surface and
also the range in its thickness.

Patoka Formationl(of local usage)

The Patoka Formation (of local usage) is directly above the Shelburm
Formation and constitutes the youngest consolidated rocks in the report
area (table 2). This formation crops out at the bedrock surface discon-
tinuously along the western edge of Vigo County (pl. 1). o important
aquifers are present in this formation in the report area.

1This formation name follows the usage proposed by Wier. (See Wier
and Gray, 1961).
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Bedrock Topography

The topography of the bedrock surface underlying the unconsolidated
glacial deposits of Vigo and Clay Counties is the result of a long inter-
val of weathering and erosion which lasted from late Paleozoic to Pleisto-
cene time, Except in the immediate vicinity of the Wabash and Eel River
valleys, this buried surface i3 a gently rolling plain with moderate relief,

An extensive system of buried bedrock valleys is located in the north-
central part of the area, These valleys generally trend southwestward and
are part of the buried Montclair Valley system which represents the pre-
Pleistocene course of the Upper Wabash River (Wayne, 1956, p, 43-44), Por-
tions of this system were also mapped by Hutchison (1960, fig., 2). This

system jolns the present day valley of the Wabash River in the vicinity of
north Terre Haute,

A detailed knowledge of the features of the bedrock surface is impox-
tant in ground-water investigations in this area, This surface is the
interface between the consolidated and unconsolidated rocks, thus separat-
ing them lithologically but at the same time connecting them hydrologically.
Aquifers in the overlying unconsolidated material may be in direct contact
with the outcrop of one or more bedrock aquifers, thereby forming one con-
tinuous hydrologic system., Because of the contrasting lithologic charac-
teristics of the rocks on either side of this interface, yields from wells
in this system generally will be substantially less in the consolidated rock
aquifers than those in the unconsolidated rock aquifers.

Unconsolidated Rockse as Sources of Water

The unconsclidated deposits of the Vigo-Ciay County area are mostly
of Pleistocene age, with some recent alluvium present (table 2), These
deposits form a cover over most of the area (pl, 4) and generally mask the
underlying bedrock, Aquifers in this material consist of relatively clean,
coarse-textured, sand and gravel which occur as alluvium and glacial out-
wash deposited primarily in the Wabash and Eel River valleys (pl. 5). No
attempt has been made herein to differentiate these deposits stratigraphi-
cally, The tills of the area are commonly too poorly sorted and fine
grained to be conaidered aquifers,

The water-bearing sand and gravel deposita associated with the present
and pre-Pleistocene valleys of the Wabash River constitute the thickest
and most extenslve aquifer of the entire area, This huge deposit of glacial-
outwash sand and gravel forms one continuous hydrelogic system in
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which both water-table and artesian conditions are present (pl. 53). The
aquifer is unconfined in the vieinity of the Wabash River and water-table
conditions prevail. Saturated thicknesses in excess of 100 feet are

noted {fig., 10). Where the aquifer is covered by tills of Illinoian age,
artisian conditions prevail. Figure 11 i3 a cross section of the Wabash

River valley in western Vigo County (pl. 5) and shows the relationship of
the confined and unconfined areas,

Recharge to the unconfined part of this aquifer is by the downward
percolation of precipitation. Where the aquifer is confined recharge takes
place by slow percolation of the water through the till layer. The con-
figuration of the piezometric surface (pl. 5) indicates that the water in
the aquifer flows toward the Wabash River where natural discharge takes
place by effluent seepage.

Fluctuations of the water level in this aquifer as a result of seas-
onal variations in recharge are shown on figure 12. Figure 12A shows the
hydrograph of cbservation well Vigo 3 which is in the confined area, and
figure 12B shows the hydrograph of observation well Vigo 2 which is in the
unconfined area. These wells are in the NW4SW; sec. 29, T, 12 N., R, 8 W.,
and the NE%SW% sec. 28, T. .12 N., R. 2 W. respectively.

Yields as high as 2,700 gpm from wells in the unconsolidated deposits
have been reported by water well drillers. The average yields for the
confined and unconfined areas are shown in table 2. These figures are
based on the records of 106 water wells of which 42 were in the confined
and 64 in the unconfined area of the aquifer.

The field coefficient of permeability for the confined and unconfined
areas of this aquifer are given in table 2, The estimated coefficients of
transmissibility range from 91 gpd per foot in the confined area to 280,000
gpd per foot in the unconfined area. The estimated regional value of
transmissibility for the confined area of the aquifer is 5,100 gpd per
foot; that of the unconfined area is 72,000 gpd per foot.

In the Wabash River valley aquifer, as in the bedrock aquifers, the
total amount of water estimated to be in storage and the potential re-
charge both greatly exceed current daily withdrawals. The total amount
of water in storage in both the confined and unconfined areas of this
aquifer in the Vigo-Clay County area is approximately 367,370 million
gallons, the estimated potential recharge is 68 mgd, and the estimated
current withdrawal is 22.2 mgd. The total amounts of water in storage
in the confined and unconfined areas of this aquifer are listed separately
in table 2. These figures are based on and estimated coefficient of stor-
age of .002 for the confined area and .20 for the unconfined area.

The Eel River valley is mostly in Clay County. (See pl. 5). 1In this
valley as in the Wabash River valley, the water-bearing sand and gravel
deposits form one continuous hydrologic system. This aquifer is entirely
confined by clay and till and is somewhat more restricted in size than
that of the Wabash River wvalley. The piezometric map (pl. 5) indicates
that recharge and discharge take place in much the same manner as they do
in the Wabash River valley aquifer. A detailed analysis of the hydrologic
properties of this aquifer is not possible due to insufficient data,
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QUALITY OF WATER

The chemical quality of the ground water of Vigo and Clay Counties
was determined from the partial analysis of over 750 water samples and the
complete analysis of 35 water samples. A tabulation of the complete
analyses of 25 water samples is given in table 3. The significance of,
and recommended limits for, the various constituents are given in table 4.

The waters from the consolidated and unconsolidated rocks are dis-
cussed together in this section because they are interrelated, one modi-
fying the other, and therefore, not readily discussed separately. Tje
term "consolidated rocks'" as uaded in this section refers only o rocks of
Missisgippian age to derive meaningful interpretations.

Hardness

The water from the unconsolidated rocks and from the shallower wells
in the consolidated rocks is gemerally very hard. This 1s due to the
presence of fragmented calcareous material such as limestone or dolomite
in the unconsolidated rocks. As water form precipitation passes through
these rocks, calcium and magnesium ions are taken into solution, primari-
ly as bicarbonates. The water in the underlying consolidated rocks is
mostly derived from the unconsolidated rock and would, therefore, be ex-
pected to be of similar quality. (See fig. 13). This is true, however,
only for the upper part of the consolidated rocks. The water from the
deeper wells, having had contact with a thicker section of the rock for
a longer period of time, has apparently been softened by contact with ion
exchange minerals., It is also possible that the ion exchange minerals
have been progressively depleted of sodium toward the surface.

The decrease in hardness with depth is especially apparent in the
Middle and Upper Pensylvanian rocks of Vigo County where the mediar hard-
ness concentrations of deep-well water is only 10 ppm. The lower hardness
values for water from deep wells in this area can be attributed principal-
ly to progressive sodium-depletion of ion-exchange minerals eastward and
to the progressively higher percentages of clay in the younger Pemmayl-

vanian beds westward (Potter and Glass, 1958, p. 12). Many clay minerals
have ion-exchange properties.

Bicarbonate

As shown on figure 14, the bicarbonate content of water from deep
wells in the consolidated rock is significantly greater than that fron
shallower wells. This effect is mch less significant in wells in the
uncensolidated rocks. No single reason for the increase of the bicarbon-
ate concentration with depth in the consolidated rocks is apparent.
However, this may be duve to a combination of the following conditions:
presence of carbon dioxide supply; abundant sodium and potassium ions;
lack of acid-forming conditioms.
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